A genomic library ofAeromonas hydrophila F9 was constructed by using pBR322 as a vector. From that, two DNA fragments (5.8 and 11.6 kb) were isolated containing genetic information to complement trpA and tirpB defects (5.8-kb fragment) and to complement trpA, trpB, trpC, trpD, and tirpE defects (11.6-kb fragment) in Escherichia coli mutants. Evidence of the existence of a secondary promoter is given.
The pathway for tryptophan biosynthesis is identical in all microorganisms studied thus far, but the regulation and organization of genes controlling this pathway differ widely (5, 7, 24) . The single-operon arrangement has been described as limited to the enterobacteria, and it is not widespread in nonenteric bacteria or eucaryotes (6, 19, 24) . However, it is well known that Brevibactenum lactofermentum has all of its trp genes in a single operon (13) . In addition, the trp operons of all enteric bacteria appear to have identical gene orders (7) .
Very little is known about the tryptophan biosynthetic pathway of Aeromonas spp., but there is evidence suggesting that anthranilate synthase (EC 4.1.3.27), the initial enzyme specific for tryptophan biosynthesis, and anthranilate phosphoribosyltransferase (EC 2.4.2.18), the second enzyme in the pathway, do not have their activities associated in cell extracts from Aeromonas formicans (11) . Aeromonas hydrophila is a well-known fish pathogen (18, 20, 21) which has been receiving more and more interest since it and related motile aeromonads have been recognized with increasing frequency as human enteric pathogens (8) . Although elevation of the genus Aeromonas to the family level has been recommended (Aeromonadaeceae) on the basis of genetic evidence (4), it can be considered more closely related to enteric bacteria than to the family Vibrionaceae, where the genus Aeromonas was previously allocated (4, 10) .
To discover any further relationship between Aeromonas spp. and enteric bacteria, we undertook the molecular cloning of a universal pathway which has been a model for gene expression and regulation.
Isolation of A. hydrophila trp genes. A Sau3A library was constructed from A. hydrophila F9 chromosomal DNA (12) by using BamHI-digested dephosphorylated pBR322 DNA (3) . The gene bank contained plasmids which were used to transform Escherichia coli C600-1 (16) . Transformants were selected on LB agar plates supplemented with ampicillin (200 ,ug/ml) (14) . A total of 4,300 ampicillin-resistant (Apr) colonies were obtained. Ninety percent of the transformants were tetracycline sensitive (Tcs), indicating a high percentage of A. hydrophila F9 DNA inserted into the BamHI site on pBR322. All Apr colonies were replica plated on M9 agar plates (14) lacking tryptophan and supplemented with leucine (50 ,ug/ml), threonine (50 ,ug/ml), thiamine (1 ,ug/ml), * Corresponding author. glucose (2 mg/ml), and ampicillin. Incubation at 37'C for 24 h resulted in the appearance of two prototrophic colonies. When plasmids isolated from the colonies were used to retransform E. coli C600-1, 100% of the colonies were Trp+, Apr, and Tcs. We chose both plasmids, designated pTA3 and pTA4, for all subsequent analysis.
Restriction map analysis. A restriction endonuclease map of both plasmids pTA3 and pTA4 is shown in Fig. 1 . Plasmid pTA3 contains a 5.8-kb insert where one of the BamHII Sau3A junctions was regenerated. Plasmid pTA4 contains an 11.6-kb insert. The pTA3-containing insert is entirely represented in the pTA4-containing insert, but the two plasmids were cloned in opposite directions with regard to the tet promoter.
Complementation and expression studies. To determine whether inserts contained in plasmids pTA3 and pTA4 complemented activities other than trpB, we used both plasmids to transform E. coli mutants (W3110 trpA, W3110 trpAB905, W3110 trpC10-16, W3110 trpED102, and W3110 trpE5) blocked in other steps of the tryptophan biosynthetic pathway. As can be seen in Fig. 1 , pTA3 was able to complement E. coli trpA and trpB mutants while pTA4 complemented trpA, trpB, trpC, tipD, and trpE mutants.
These results demonstrate that the trp genes are linked in the chromosome of A. hydrophila.
To localize trp genes in cloned fragments, we constructed several deletion mutants. Plasmid pTAS3 ( Fig. 1 ) was obtained by deleting a 1.2-kb SacI fragment from plasmid pTA3. When plasmid pTAS3 was used to transform trpA and trpB mutants of E. coli, only trpB mutants became tryptophan independent. This result allowed us to localize at least part of the tipA gene in the 1.2-kb Sacl fragment. Plasmids pTHK49 and pTHK48 ( Fig. 1) were constructed by subcloning the 5-kb HindllI-KpnI fragment from plasmid pTA4 in the HindIII-KpnI sites of plasmids pUC19 and pUC18, respectively (23) . Both plasmids pTHK49 and pTHK48 were able to complement tipA, trpB, and tipC mutants. Since the 5-kb HindIII-KpnI fragment was subcloned in both orientations with regard to the ,B-galactosidase promoter and the minimal medium was not supplemented with isopropyl-,-D-thiogalactopyranoside (,-galactosidase inducer), these results suggest that the three genes are read from a promoter encoded in Aeromonas DNA. This is also the case in E. coli, where an internal secondary promoter upstream from the trpC gene has been described (15) . genes on plasmid pTA4, and assuming that the trpE gene is the first one in the tryptophan biosynthetic pathway, as it is in all gram-negative systems known thus far, the positions of the trpD and trpE genes are those shown in Fig. 1 . We then constructed plasmid pTAH4 by deleting the 3-kb HindIII fragment from plasmid pTA4. When that plasmid, with no tet promoter, was used to transform trpA, trpB, tipC, trpD, and tipE mutants of E. coli, all of them became tryptophan independent. These results suggest that, in the original clone (pTA4) as well as in the newly constructed one (pTAH4), trp genes were read from a promoter encoded in Aeromonas DNA, which must be located upstream from the trpE gene as indicated in Fig. 1 .
Southern blot analysis. To demonstrate that cloned inserts originated in A. hydrophila F9, chromosomal DNAs from this and another 15 A. hydrophila strains (D2, D13, F18, PC5, PM1O, SA5, SA8, SA14, SA17, SB7, SM6, and S02/2 [isolated from freshwater samples]; ATCC 7966, 67-P-24, and 1.54 [22] ) were BamHI digested, fractionated by 0.8% agarose gel electrophoresis, vacuum blotted to Z-probe membranes, and hybridized with the 7-kb EcoRI fragment from plasmid pTA4 which contains the pTA3 insert. Hybridization was carried out by random-primed DNA labeling with digoxigenin-dUTP, and the hybrids were detected by enzyme immunoassay by the method of the supplier (Boehringer GmbH, Mannheim, Germany). As can be seen in Fig.  2 (lane 14) , three hybridization bands were obtained, two of them with molecular masses of 6 and 2.8 kb, as expected from the restriction map presented in Fig. 1 . The third band, which was also expected, would correspond to the 0.3-kb BamHI-Sau3A fragment near the tetracycline promoter. It is interesting to note the high diversity among A. hydrophila strains, since a high number of hybridization patterns was obtained. Only two strains (SA14 and SA5) gave identical patterns of hybridization.
Minicell analysis. The minicell technique (9) was used to identify polypeptides encoded by plasmids pTA3, pTA4, and pTHK49. pTA3 directed the synthesis of a polypeptide with an apparent molecular mass of 40 kDa (Fig. 3, lane D (Fig. 3 , lane E).
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Since pTA4 complements trpA, trpB, trpC, trpD, and trpE mutants, the 55-kDa protein may correspond to either TrpD or TrpE or both. Anthranilate synthase (the product of the * -t-rpE gene) from A. formicans eluted in a broad peak at a molecular mass of 220 kDa, whereas the anthranilate phosphoribosyltransferase (the product of the trpD gene) eluted at a molecular mass of 67 kDa (11) . Our results partially agree with those obtained previously, assuming that anthraomosomal DNA nilate synthase is a multimeric complex, but we did not ed with the 7-kb detect any protein with a molecular mass of 67 kDa that , lambda phage presumably would correspond to the anthranilate phospho- 
